It is no longer disputed that there is a prevalence of dementia in patients affected by Parkinson's disease which is higher than in the normal population.' Moreover, even when diffuse mental deterioration has been absent in Parkinsonian patients, selective deficits of cognition may be found.2 Some authors claim that an asymmetrical pattern of cognitive performances can be found in Parkinsonians with worst scores on visuo-spatial tasks.34 However, this selective impairmenf of visuo-spatial functions has not been confirmed when the motor-speed component of these tasks is taken into account. 25 Impairment of mnesic functions seems to be better documented. Long term recall of visual and verbal material seems to be affected even in the presence of normal scores on tasks ofshort term memory and long term storage.67
After the description by Bowen et ar of a selective disorder in concept formation in Parkinsonians, many authors have described these patients as particularly compromised in tests sensitive to lesions of frontal lobes.>"
In any case, before positing that a selective impairment of cognitive functions is actually present in Parkinsonians, the weight of a more general mental deterioration should be checked. In most ofthe studies pointing to an impairment of frontal functions in patients affected by Parkinson's disease this factor has not convincingly been ruled out. The presence of a more global cognitive impairment has generally been excluded on the basis of the IQ' derived from the WAIS, while a detailed survey of mnesic, visuoconstructive and general intellectual functioning is often missing.8 10 To verify the hypothesis that there is a selective deficit offunctions normally subsumed by the integrity of frontal lobes in Parkinsonians, we planned a study in which a careful evaluation of mental functioning was performed together with a specific assessment of concept formation, maintenance and shifting.
Material and methods

Neuropsychological assessment
To assess the presence of a general impairment of mental functions we used the Mental Deterioration Battery (MDB). This consists of eight tasks capable of yielding distinctive information about mnesic, linguistic, visuo-constructive and general intellectual functions. The battery has been extensively described in a previous study. '2 In Parkinsonian patients obtained lower scores than control subjects on most of the tasks. A two-way analysis of variance, in which the results obtained in the eight MDB tests were taken into consideration, reveals that the difference between the two groups approaches the level of significance (F = 3-6; p = 006). These results are in agreement with the data of several other authors."7'8
Brown and Marsden2 suggested that in non-selected The two subgroups of Parkinsonians did not differ as regards mean age (non deteriorated: 60-0, SD 8 1; deteriorated: 63 5, SD 6-9; t = 1 -1, p = NS) and years of schooling (non deteriorated: 6-9, SD 2-2; deteriorated: 5-7, SD 2-0; t = 1-4, p = NS). Non deteriorated Parkinsonians had a mean duration of disease (3-6 years; SD 1.2) significantly shorter than deteriorated ones (4-8 years; SD 1 3) (t = 2 3; p = 0-03). Thirteen of the non deteriorated Parkinsonians were in a pharmacological wash-out period while the remaining two patients were receiving levodopa.
In the deteriorated group, five patients were in a pharmacological wash-out period. The remaining four patients were receiving levodopa alone ( In these studies a general intellectual impairment was excluded on the basis of a normal WAIS IQ. Nevertheless, the WAIS, a battery of tests widely used for determining the intellectual level of normal subjects, appears to be rather unreliable for detecting initial forms of mental deterioration and unable to furnish a detailed survey of mnesic, visuoconstructive and linguistic functions. For this reason, the deficits observed in "frontal tasks" were conceivably part of an initial form of diffuse mental deterioration.
A more comprehensive survey of intellectual functions in clinically non-demented Parkinsonian patients has been reported by Taylor et The present research was designed to evaluate the hypothesis of a selective deficit of frontal functions in Parkinsonian patients in whom a more diffuse intellectual deterioration had previously been excluded. A detailed analysis of the MDB results shows that Parkinsonian patients classified as non-demented do not differ from normal subjects on tasks exploring mnesic, visuoconstructive, linguistic and general intellectual functions. Only on WCST did these patients exhibit pathological performances. In particular, they produced significantly more perseverative errors than normal controls and the difference between the number of categories obtained by these patients and by normal controls approaches significance although they appear less compromised than demented Parkinsonians in this task. For nondeteriorated Parkinsonian patients these results reveal diminished capacity for concept formation and maintenance and a disorder in cognitive shifting aptitude.
This neuropsychological pattern, characterised by an isolated deficit in a task thought to be sensitive to lesions of frontal lobes, seems to indicate a selective impairment of functions subsumed by frontal lobes in Parkinsonian patients even when a more diffuse involvement ofcognitive functions has been ruled out.
These findings can be interpreted on the basis of histopathological data suggesting, in Parkinson's disease, an alteration in afferent pathways from basal ganglia and midbrain gray nuclei to frontal cortex. The "complex loop" connecting frontal lobes to basal ganglia can be disrupted by a reduction of dopaminergic activity in the caudate nucleus of Parkinsonian patients. " Furthermore, a reduction of dopamine content and of its metabolites in frontal cortical areas has been found in the brain ofParkinsonian subjects.2' This finding is probably related to the degeneration of a mesocortical dopaminergic pathway projecting from the mesencephalon to cingulate, entorhinal and frontal cortex.22
